The vimentin gene is inducible by serum in quiescent Balb/c 3T3 cells, but the molecular mechanism of this induction is unknown. The results presented here represent a first step towards the elucidation of the pathway of events leading from growth factor-receptor interaction to this induction. A series of Bal 31 deletions of the human vimentin promoter are used to show that a sequence residing at -700 is responsible for the serum, and also TPA inducibility of this gene. This sequence is able to confer serum inducibility upon uninduciblc constructs regardless of its position and orientation, indicating that it is this element alone which is required for this induction. The isolated sequence is a strong enhancer as well. Further deletions and the use of synthetic oligonucleotides demonstrate that a 24-mer containing two AP-l/jun binding sites confer both serum and TPA inducibility upon the human vimentin gene. Gel retardation analysis confirms that this sequence binds an AP-1 -like protein.
INTRODUCTION
induction of the gene. In the case of vimentin, the answer to the first question remains obscure. Vimentin monomers and filaments are phosphorylated by both protein kinase C and cAMP dependant protein kinases (10,11), and there is evidence that phosphorylation leads to vimentin disassembly (10) . Vimentin filaments are reorganized during mitosis, and it has been suggested that phosphorylation may be involved in this process as well (12) . However, while there are multiple correlations between intermediate filament processing and growth, the direct link is still poorly understood.
The present communication is concerned with the second question, i.e., what is the mechanism by which growth factors and phorbol esters activate vimentin gene expression. The vimentin promoter and 5' flanking DNA has been cloned and shown to confer PDGF inducibility to a linked CAT gene (13) . Here, deletion analysis is used to delineate the sequences required for this effect. We have identified a 24 nucleotide sequence which mediates both serum and phorbol-12-myristate-13-acetate (TPA) inducibility. This sequence resides at -700, has strong enhancing ability, and contains two AP-l/jun binding sites. Gel retardation analysis confirms that this sequence binds nuclear proteins, and this binding can be competed by an oligomer containing a prototypical AP-1 binding site.
MATERIALS AND METHODS
Cells Balb/c 3T3 cells were grown in Dulbecco's modified eagle medium (MEM) with 4500 mg/1 glucose, supplemented with glutamine, 10% calf serum and antibiotics, in a 10% CO, atmosphere. Cells were routinely made quiescent by plating at 5x10* cells/cm 1 followed by growth to confluence (4 days). The medium was then replaced with complete medium containing 1% calf serum and the cells were used 3 days later. In every experiment, the degree of quiescence and stimulation of the cells was checked by autoradiography: quiescent cells typically had a labeling index of 2-5 % and stimulated cells 90%. If the values were significantly different from these, the results were not used. Transfcction was by the suspension (14) method, or in some experiments in monolayer only using the same solutions and shock conditions as for the suspension method. Cells were transfected with a total of 10 ug DNA/ 3x10* cells. This included 8 ug of test plasmid plus 2 ug of control or selectable marker plasmid. For transient transfection experiments, cells were cotransfected with pCHl 10(15) and harvested 48 hours later. Cell lysates were prepared by three cycles of freeze/thaw, and CAT activity assayed as described by Gorman et al (16) . Spots were cut from the TLC plates and counted in a liquid scintillation counter. B-galactosidase activity was assayed as described(15) and CAT activities were expressed relative to the B-galactosidase activity.
Stable cell lines For G418 selection, cells were cotransfected with pRSVneo (17). Two days after transfection, the cells were replated in 6 well cluster dishes at 1.3xlO 4 cells/ well in 0.4 mg/ml G418 (Gibco). Cells from an individual transfcction were plated in six wells. When the colonies were large enough to be seen without the microscope, each well was trypsinized to redistribute the cells in the well. When the cells were 90% confluent, all the cells from a single well were transferred to two 100 mm dishes. These cells were frozen when they just reached confluence. For analysis, the cells were thawed and passed twice before plating for an experiment.
Plasmids
The starting material for all the constructs described was DG4F1EM1.5 (13) which contains 1400 nt of 5' flanking DNA and 73 nt of 5* untranslated region. This plasmid was linearized at the Apa 1 site at -860 and digested with Bal 31. Following digestion with BaraHl, which cuts at the 3' end of the vimentin fragment in the polylinker, appropriately sized fragments were isolated by electrophoresis on polyacrylamide gels. These were cloned into pUCCAT (13) which contains a promoterless CAT gene. Plasmids were prepared by centrifugation over CsClj gradients, and were sequenced by the method of Sanger (18) 
RESULTS
Vimentin mRNA levels are increased in Go fibroblasts by serum stimulation, and although it has been shown that phorbol esters can induce vimentin mRNA levels in myeloid cells (6,7,9), this same effect has not been demonstrated in fibroblasts. Under these conditions, TPA is able to stimulate cell proliferation slightly (32% vs 75% for 10% serum).
In order to begin to address the mechanism of these responses, a series of 5' deletions in the vimentin promoter were made. These deleted promoter constructs all contain 73 nucleotides of 5' untranslated sequence, and are fused to a promoterless CAT gene (13). We have shown previously that the vimentin promoter contains two positive elements, one which maps between -830 and -529, the other between -241 and -150. In addition there is a negative element between -333 and -241 (13). In order to map these elements more precisely, a series of Bal 31 deletions of the vimentin promoter were made, starting from nt -860, as described in Methods. The mutant promoter fragments were cloned into the pUCCAT plasmid, and these constructs were transfected into exponentially growing Balb/c 3T3 cells together with the plasmid pCHllO, which contains the B-galactosidase gene under the control of the SV40 early promoter (15). 48 hours after transfection, the cells were harvested, and lysates prepared and analyzed for CAT and B-galactosidase activity. CAT activity, expressed as % acetylated chloramphenicol, was normalized to B-galactosidase activity to correct for differences in transfection efficiency between the different plasmidi. In each set of experiments, the normalized expression of each of the plasmids ii expressed relative to one plasmid, in order to facilitate comparison between experiments. The mutants described in Figure 4 were transfected into Balb/c 3T3 cells and stable cell lines were selected and analyzed as described in methods. Results from a representative cell line are shown; in each case two or three cell lines were examined with essentially the same results. ility are 1) that the CAT activity in both exponentially growing and in serum stimulated cells be >2-fold higher than that in quiescent cells, and 2), that different cell lines with the same deletion show a similar pattern. It is quite clear from this analysis that deleted promoters containing the positive element at -700 (DPE, or distal positive element) retain both serum and TPA inducibility. No constructs lacking this element can confer this inducibility. While there is an occasional construct which meets the first criteria stated above, such as the first deletion at -150, in no case are both the criteria met if the DPE is not present. TPA inducibility follows serum inducibility, and appears to be mediated through the DPE as well.
Next, we asked whether the DPE was both necessary and sufficient for serum inducibility, or if it required participation of other elements in the promoter. To answer this question, a 48 nucleotide fragment extending from the Hindlll site of the -713 construct to an Ava 1 site at -666 was isolated. This fragment was then cloned at the 5' end of various deletions, thus effectively creating internally deleted promoter constructs. Thus the 48 nt fragment was cloned at the 5' end of the -225 deletion, thus eliminating the negative element, and at the 5' end of the -150 deletion, eliminating both the negative and some of the proximal positive element. This fragment was inserted in these positions in both orientations, and in single and double copies. This fragment has also been placed downstream of the CAT gene.
Transient transfection analysis was used to assess whether or not this element functions as an enhancer in this context Figure 4 shows the results of two series of experiments in which the different constructs were transfected into Balb/c 3T3 cells, and relative CAT activity determined as described above. Again, each point represents the average of three determinations. The map of the different constructs is shown, showing the DPE, as well as the negative and proximal positive elements. The results show that the DPE has strong positive activity regardless of its position and orientation in the promoter. The effects of the three elements can be seen in the parental constructs (-713, -664, -225, and -150). Reinsertion of the 48 nt fragment at its original location in the right orientation restores wild type activity (compare -713 and -664(+48)), as it does in the opposite orientation. High activity is also observed when the negative element is eliminated in the -225 series. However, the positive effect is not significantly greater than when the negative element is present, implying that the DPE is able to override the effects of the negative element. Insertion of two copies of the DPE at -225 leads to slightly higher CAT activity, but much less than two-fold higher. Again, the -150 series shows that the proximal positive elements have little effect. In this position, insertion of two copies of the DPE results in significantly increased CAT activity, but still not to the level of a two-fold increase. Figure 4B shows the results of a similar experiment with the "downstream" constructs. These constructs are based on the -664 deletion. Again 28,40,41 ). There is a region of perfect dyad symmetry about the central C of the five nucleotide sequence which separates the two binding sites, so it appears that the two binding sites may function together as a single element. We are in the process of determining whether both binding sites are required for the function of this element. *To whom correspondence should be addressed
